Development of the Australian food composition program, focussing on the enablers and barriers to progress, is reviewed following a process of reference harvesting and unstructured interviews with experts. Strong growth in new data and publications during the 1930s and 1970/80s was followed by more stagnant periods, particularly during the 1990s, enabled by data needs for national nutrition surveys, labelling requirements and national policy needs. From the late 1980s there was a move from paper to computerised tables and then to online databases in the 2000s. Australia's food composition tables have evolved in line with international developments in science and changed data publication methods. Maintaining the timeliness of these databases requires significant investment in new analytical data and skilled scientists to drive this process. 
INTRODUCTION AND METHODS:
Food composition, the science behind differentiation of the complex food matrix, has slowly gained recognition globally despite early challenges. Collation of comprehensive data sets has many considerations layered upon it inherent to its objective. Food composition must deal with factors of geography, geology, horticulture, physiology, analytical chemistry and information technology at one end of the spectrum, namely data production, and at the other end, with diverse data uses, including for epidemiology, psychology, gastroenterology, dietetics, food science, public health and even informatics. The methods of development and use of food composition tables have changed, with recent worldwide efforts toward standardisation of practice. Food composition, due to its multidisciplinary nature, has not always been recognised as a credible science with the interaction of external influences such as government and, in turn, public health policy, either growing or hindering its progress.
Globally, it appears that the early efforts towards the development of composition data began with Johann Friedrich John's 1814 compilation of 700+ plant analyses (Colombani, 2011) , although a major impetus for development of Australian databases was likely the work of Atwater and the release of the Atwater factors in 1896 (S. Church, 2006) . Extensive reviews of the history of food composition programs of the United States of America and of Europe have been conducted noting nutrition scales as early developments in this field (S. Church, 2006) . Colombani meanwhile outlines the developments with the beginning of food composition with the progress of the chemical composition of bodies, namely the three to five element systems which largely took shape during the 1700s and considers the format of the table to impact on what could be considered a true food composition data table. Despite this, the first known tabulated data of food composition appears to have stemmed from work published in Germany. Originally this work was dated 1878 (S. Church, 2006) shortly before Atwater's impact on the American program (Colombani, 2011) however, Colombani in his 2011 review later outlined his justification for 1818 tables produced by Percy and Vauquelin to be considered one of the oldest single nutrient food composition tables at the time of publication demonstrating that food composition as a field could be dated to be over 230 years old.
Shifting from this very early progress, another interesting development occurred many decades later in October 1949 when the Food and Agriculture Organization published Food Composition Tables for International Use (http://www.fao.org/docrep/x5557e/x5557e00.htm), aiming to assist with the food availability on a global level (S. Church, 2006) . A second edition published in January 1953, these tables used data from 151 food composition reports globally documenting values for 66 foods across most continents including 2 reports from the Oceania region. Values were primarily presented as averages of the source data with the Oceania data contained in this report stemming from the 1946 Australian data produced by Anita Osmond as addressed later in this review.
Despite these early attempts to globalise food composition tables, it was determined that regionally specific tables were needed. Australia has a very unique food environment with many indigenous foods and a large food export sector due to its geographic location. Resultantly, the progress of food composition activities is quite different to other countries such as the US or the UK and warrants exploration. The aim of this review, therefore, is to document the development of the food composition program in Australia with particular focus on the enablers and barriers to its progress.
Given the diversity of the Australian program, a multi-method approach was employed including a process of reference harvesting to obtain published reports and tables of food composition for Australia, contacting professional bodies to obtain minutes of their meetings which may have related to food composition and consultation with published experts of food composition. This approach was felt to address the primary basis of historical data documentation with published documents often cross referenced in either the meeting minutes or the expert interviews improving the validity of the findings. Furthermore, this approach allowed verification of name changes to departments and organisations involved in the program over the past decades. Details are outlined below for the specific methods applied in each component. Wales, National Food Authority) with a date limit of 1938 (Wood, 2012 .
Reference harvesting-
Food composition tables for 1938, 1939, 1941, 1944, 1946, 1954, 1961, 1970, 1977, 1989 and 1991 and their reprints (as needed) were obtained (Figure 1 ), analysed and their reference lists drawn on. 86 archival documents were obtained from the Australian dietetic database and cross referenced against those already obtained. Outstanding references were sourced from National Archives of Australia. 
Professional bodies-

KEY DRIVERS OF THE AUSTRALIAN PROGRAM:
Data is presented based on influential domestic and international drivers of the program, analytical progress and progress of the food composition tables and databases, in chronological order.
Drivers for the development and expansion of Australia's food composition efforts include both domestic and international developments.
The need for nutrient data to support national health and nutrition policy and accurate food labelling was recognised by Australian government bodies from the 1930s onwards. The 1930s saw the first nutrient data generated for Australian foods, and the first set of compiled nutrient data for Australia, to support national nutrition surveys being conducted at that time.
In the 1940s, new nutrient data was generated to support Australian defence efforts. Hedley Consideration of the need for food fortification has also driven government demand for food composition data. In the 1970s, NHMRC sought nutrient data for wheat, flour and their related products, primarily due to their consideration of the need for thiamin fortification; during 1977 and improvements in flour mill efficiency and changes in wheat varieties (Mugford, Stenvert, & Venn Brown, 1979) . Similarly, there were also changes to levels of some minerals in the flours. The surveys were repeated during 1982-3 and 1990s with assistance from the CSIRO, Australian Government Analytical Laboratory (AGAL), UNSW and Deakin University (Mugford, Griffiths, & Walker, 1986 ).
More recently, there have been surveys of the levels of folic acid in bread following the introduction of mandatory folic acid fortification of bread-making flour (Dugbaza & Cunningham, 2012) .
The introduction of a range of food labelling requirements from the 1980s has also driven food composition in Australia. This has included simple analyses such as the mass of slices of bread, through to analysis of individual nutrients (Mugford, 1993 ). Ruth English similarly described the impact of nutrition information on food labels as an important shift for food composition.
By the 1980s, fast food chains such as McDonald's, Kentucky Fried Chicken (KFC) and Pizza Hut operated across the country and a focus on different 'ethnic' foods also grew as Australia's population diversified (Greenfield, Lerogiannis, Makinson, & Wills, 1983; Wills, Maples, & Greenfield, 1981 ). McDonald's provided grant funding to analyse their foods and publish the data The foods at the time were found to be low in fibre and Vitamin C . Changes to their advertising campaigns resulted, with advertisements portraying farm cattle, peas and potatoes as imagery. During this time, Pizza Hut also sponsored the analysis of pizzas and KFC of their products (Greenfield, Wimalasiri, Ma, & Wills, 1982; R.B.H. Wills & H Greenfield, 1982) . Snack foods at the time were analysed for Associated Products and Distribution Pty Ltd (APD) snacks, now Smiths Snackfoods, another sponsor, and a substantial amount of lactose was found in their crisps (R.B.H. . The company found its suppliers were using lactose as a filler and the product formulation was changed.
Dietitians Annette Byron and Anne Schneider described early work by a group of South Australian (SA) dietitians to collate manufacturer-based food information during the late 1980s. The work primarily focussed on the inclusion of food 'free from' various allergens. Information was collated on a floppy disk with 1-2 volumes of information generated. This project received national DAA funding though, due to its resource-heavy nature and "questionable reliability" due to reliance on the postal service, was discontinued. This showed early dietetic interests in such data.
Industry support grew as new food composition tables were released. In NUTTAB92 (Nutrient Data (Probst, 2009; Sinclair et al., 2010; Williams, 2007) . More recently, the method for Vitamin D analysis in Australia was developed as a component of a meat industry funding grant received by David Fraser and Heather Greenfield (Liu et al., 2008) . A full time senior analyst (Norbert Strobel) at the National Measurement Institute (NMI) was assigned to this task.
The primary influence of the British food composition program on the Australian data stems from the early UK tables (Widdowson & McCance, 1935) . Over a number of releases of Australian tables, data gaps were filled using British food composition data. For example, the first release of NUTTAB in 1987-88 contained about 50% of the data from overseas sources, but by 1991 had declined to around 10%. In NUTTAB92, British data were used for fatty acid groups (total saturated fat, monounsaturated fat and polyunsaturated fats) and dietary fibre. In the AUSNUT (Australian Food and Nutrient Database) database used with the 1995 National Nutrition Survey to estimate Australian folates intake, around 80% of the folates data were borrowed directly, or imputed from UK data. 
Development of the analytical program -post 1960-
After early activity in the 1930s, further comprehensive analytical projects resumed in the 1970s.
The initial Greenfield and Wills NHMRC grant proposal in 1977 included direct HPLC analysis of individual sugars, and starch after conversion to glucose, instead of "carbohydrate by difference", analysis of a range of minerals by atomic absorption spectroscopy, and of fatty acids by gas chromatography (English, 1981) . Analysis of cholesterol was also included. The UNSW team quickly found that analytical methods for the ambitious program first had to be validated and established.
Another problem was a suitable mechanism for publication since composite rather than individual samples were analysed, and such studies would not be eligible for publication in most international scientific journals. In the 1980s NHMRC also funded studies on the effects of processing and preparation practices on nutrient composition, and on the nutrient composition of beef and lamb.
The 1980s saw a large government investment in nutrient analyses, in preparation for the release of new food composition tables. Foods for analysis were separated into major food groups and for each group, specific foods were selected for analysis. Preference was given to analysis of those nutrients shown to have public health and clinical applications in the community. Consideration was also given to the current status and reliability of the available methods and the laboratory facilities and resources available. Selections were also based on nutrients published in UK and US tables.
It was during this time that Stewart Truswell, working with Jennie Brand Miller and Vic Cherikoff, an analytical chemist, discovered the very high vitamin C content of the Terminalia ferdinandiana,
Kakadu plum (Brand, Cherikoff, Lee, & Truswell, 1982) . During the early 1990s Australian Research
Council funding was obtained to collate bush food data from the various regions of Australia.
Selections of bush foods were analysed, as eaten, by the University of Sydney. The preparation of the foods was vital given some foods such as Cheeky Yams (Amorphophallus galbra) are toxic if not prepared properly while others needed to be ground and left in a dilly bag (bag of woven fibres) in a running stream for up to a week. Foods collected included mangrove worms, crickets, grasshoppers, snakes, turkey eggs and fruit that had been vine dried throughout the year. The foods analysed were obtained from across Australia but were primarily from the Northern Territory (Brand-Miller, 2013 ).
An excess supply of some foods was noted (Brand et al., 1983) . At the time it had also been postulated that traditional foods may inherently be lower in Glycaemic index (GI) resulting in the low rates of diabetes of indigenous groups with traditional lifestyles (Jenkins et al., 1987) . This saw Brand
Miller create her first honours project for a student addressing the GI of bush foods. This work has led to many developments including an online database of GI (http://www.glycemicindex.com/) and Glycaemic load from all sources around the world.
Later, it was also discovered that others in Tasmania (Brand Miller, Maggiore, & James, 1993) . Unfortunately this data only covered proximates and some other factors (Thiamin, Riboflavin, Vitamin C, Na, K, Mg, Ca, Fe, Zn, Cu, Pb, Cd, P), as it was essentially seen as a preliminary investigation, although to date only limited subsequent research on bush foods has taken place.
Analytical advances for vitamins also occurred in Australia with the work of Jayashree Arcot of UNSW in folates and Greenfield and colleagues advancing the analysis method for vitamin D in a meat based matrix, as noted earlier (Iwatani, Arcot, & Shrestha, 2003; Liu et al., 2008) .
DEVELOPMENT OF FOOD COMPOSITION TABLES AND DATABASES:
Progress of printed tables (1938-1990)-
The surveys (English, 1981) . Dr Bourne's data forms Appendix 1 of the 5 th report of the council. The data was collated as a food list from analysis of foods for New South Wales (NSW), Queensland (QLD) and Victoria (VIC) with the later addition of foods from SA by a social worker (Miss Glasson). In total 1172
food items, spanning 17 food groups, from 3222 food record books were contained in the food lists included in the report (reproduced as Table 1 ). The report addresses the need to use data provided by Atwater and colleagues in the US, UK and Europe to determine energy content (Atwater & Bryant, 1906) . It was noted (probably incorrectly) that the composition of meat, fruit and vegetable was unlikely to vary considerably between Australia and other countries. Variation of cakes and biscuits was seen as a concern due to differences in icing, amount of cream and weight of the product. Sampling included weekly (ideally) samples of foods over a period of one year, though due to the urgency of the data, a number of samples of the foods were taken wherever possible. Data for protein, fat and carbohydrate were compared with existing data for other countries, seeing order, available carbohydrate content of selected foods and a ready reckoner for rapid calculation of hospital diets (Osmond, 1946) .
Reprints saw the tables reappear in 1950. Dietitians in 1951 were encouraged to use these tables for nutrition research and to disseminate any food analysis information they had available to them (Richardson) . There were previously no reliable values for different meat cuts or cooking methods. The vitamin C content (as ascorbic acid only of common portion sizes of fruits and vegetables was added, as was the composition of some beverages (Cashel & Greenfield, 1996) . Recommended dietary allowances were included and the ready reckoner was enlarged and revised (Osmond, 1954) . These dietary allowances were one of the sections adjusted by N.E. Kirk in the 1961 version alongside a statement about calculation of vitamin A activity, previously referred to as the vitamin A value of a food. By this time, the tables continued to include both the per 100g edible values as well as those per ounce edible (Osmond & Wilson, 1966) .
Developments during the 1970s saw Sucy Thomas and Margaret Corden revise Anita Osmond's nutrient tables of 1946 (Thomas & Corden, 1977a) . Revision was based mainly on data derived from USA tables, primarily Church and Church (1963) and Watt et al. (1963) , British tables and German tables (C. Church & Church, 1963; McCance & Widdowson, 1960; Souci, Fachmann, & Kraut, 1974; Watt & Merrill, 1963) , with some local data. Even though it was suggested at the 1968 Royal Society of Conference Editors that the unit Joule be used for all forms of energy, the following Australian food composition tables, namely 1970, still retained use of kilocalorie with a conversion factor for kilo-and megajoule provided (Food and Agriculture Organization, 2013 (Richardson) . These tables were reprinted in 1977 with the per 100g tables removed (Thomas & Corden, 1977b) .
First published in 1989, Composition of Foods Australia (CoFA) was a collation of existing analytical programs and began the development of a seven volume library of food composition data (Cashel, English, & Lewis, 1989) . Foods were grouped based on the tables of previous years. Updates were made to CoFA as required until 1995, at which stage up to 134 nutrients had been included with a push to include nutrients of emerging public health concern e.g. fatty acids and folate. In later publications, growing interest in folate nutrition and fortification created the need for improved Australian folates data, generated using the triple-enzyme microbiological method of analysis. The fatty acid databases were developed separately, though in the past decade have been incorporated into the main databases (Ollis, Meyer, & Howe, 1999) .
The era of computers -moving to electronic databases (1987-present day)-
In 1987 the first electronic database, NUTTAB, was released. It was based on dietary survey databases compiled for analysing food intake data from the 1983 and 1985 Australian dietary surveys. The data set used a combination of Australian analyses and data from British tables (Paul & Southgate, 1978) .
By the 1990s, requests for electronic versions of the tables were increasing. An improved data management system was developed at the then Australia New Zealand Food Authority (now Food Standards Australia New Zealand, FSANZ), which began compiling the food composition tables at around that time. During 1994-96, the Australian Nutrient Data Bank (ANDB), a PC software solution was custom built by a private company (Millpost) and updated as needed; it was still in use in 2014.
The 1995 NUTTAB contained 1800 records; approximately 1700 were Australian data and the remainder borrowed (British) data. In 1999 two databases, the Supplement to NUTTAB95 and AUSNUT, were released. The Supplement to NUTTAB95 comprised eight data files containing updated information for fatty acids, amino acids, carbohydrate components and organic acids.
AUSNUT contained a complete collection of nutrient data for all foods reported in the 1995 National Nutrition Survey (NNS) (B Burlingame, Lewis, Aalbersberg, & Matenga-Smith, 1996) . Unlike NUTTAB 1995, which primarily contained analysed data, AUSNUT also contained data derived from calculations and borrowed from overseas databases. Missing nutrient values, including folates, were filled using professional judgment as to the suitability of either USA or UK data, depending on the food item. After the release of the results of the 1995 National Nutrition Survey, the folates values were updated to take account of the addition of folic acid to fortified foods such as breakfast cereals. AUSNUT 1999 was the first data release on CD-ROM. It contained seven inter-related data files and explanatory notes containing descriptive and numerical data.
These two databases (NUTTAB 1995 and its 1999 Supplement, and AUSNUT 1999 Table 2 .
CONCLUSION-FUTURE CHALLENGES:
In Australia, food composition remains a growing science that has evolved amidst varying drivers, competing needs and fluctuating resources. Food composition data is now incorporated into software packages to support data users. Use of these packages was, and is still, often taught incorrectly, but software developers have, however, managed to re-engage users in food composition.
The food industry needs to continue to produce analytical data for Australian foods and to submit their data for inclusion in Australian databases to allow users of the data to have more accurate nutrient values. There is also a need for researchers and clinicians in the field to work together to support the creation of accurate and up to date food composition data for Australia. Without such collaboration, Australia may again see a stagnant dataset as was found during the latter period of the last century.
